The Bayesian concept is complex and contrary to intuition, but it is fundamental in the practice of medicine as well as in biotechnological development. We expect that a tragedy of ignoring the Bayesian concept will result clear to the reader who should acquire the tools to recognize its meaning, as well as, its use; but especially, to visualize the serious consequences of ignoring it. The physician is not mystically fascinated for knowing what percentage of patients who has prostate cancer have no symptoms (47%), urinary frequency (38%), urinary urgency (10%), decreased urine stream (23%) or hematuria (1.4%). What the physician and every patient want and vitally need to know is the probability of having prostate cancer, giving that he has one or more of those symptoms.
Bayesian Tragedy and Categorical Medical Error in Prostate Cancer
GJU: October-2019: Page No: [20] [21] [22] [23] [24] [25] [26] [27] [28] Page: 21 www.raftpubs.com (observation while walking, at two meters distance, the AI system cannot detect pregnancies of the first trimester). In a subpopulation subjected to this screening procedure, the true prevalence of pregnancy would be the number of diagnosed plus half this number, which is slightly counterintuitive. Out of 9,000 pregnant women taken randomly, approximately 6,000 would be considered pregnant by the A.I. system. (6,000 plus 3,000).
The Bayesian concept is complex and contrary to intuition, but it is fundamental in the practice of medicine as well as in biotechnological development.
Our Bayesian manifest constitutes the determination to eliminate much of iatrogenic effects and other serious consequences of this type of selective prebilaterian innumeracy in health sciences [3] [4] [5] . We expect that a tragedy of ignoring the Bayesian concept will result clear to the reader who should acquire the tools to recognize its meaning, as well as, its use; but especially, to visualize the serious consequences of ignoring it [5] .
The ideas contained here surely confront the beliefs and intuition of the medical community and, for this reason, can give the false impression that it is an opinion or a controversial topic, however, it constitutes a rigorous application of science and mathematics [6] [7] [8] [9] [10] to health problems, medical education and biotechnological development [3] . It is not implied an axiological stance from the authors, because if the reader thinks the implications are terrible or uncomfortable," horrible dictum ", the authors thoroughly agree; however, by acknowledging the horrible, nothing is refuted. We also present it in strict adherence to what we consider the ethical responsibility of medical writers.
In general, most physicians understand the phenomenon of medical negligence that becomes medical malpractice when the doctor's negligent treatment causes injury to the patient and iatrogenic. The side effects and risks associated with the medical intervention are called iatrogenesis. Hence, iatrogenic ailments are those where doctors, drugs, diagnostics procedures, hospitals, and other medical institutions act as "pathogens" or "sickening agents" [11] . Almost all physicians believe that they understand the cause of medical negligence and iatrogenesis. We doxastic ally maintain that the doctors who believe so are wrong.
The Socratic method, we must remember, is composed of two parts: the first is destructive, refutative and confrontational of false beliefs; nevertheless, necessary. It is characteristically represented by the irony that consists of refuting and exhibiting the ignorance of the apparent sage and it is called elastics. Serving to refute; applied to indirect modes of proof and opposed to deictic. The second part is creative and positive and is the art of what today corresponds to statistical inference and it is called heuristics or maieutics [12] . When someone has preconceptions that prevent analysis, then elastics is used, conveniently, as a method and this is one procedure that we use here [12] . We can stage a hypothetical example of the Bayesian tragedy. The data are intended for pedagogical purposes and in no condition as a real instance: "Sorry, you have cancer! With an expression of consternation and great empathy, the doctor gives this diagnosis to a 50 year-old woman, with no abnormal clinical data, who underwent a screening procedure, designed for a subpopulation of her age. For this hypothetical type of cancer, the test sensitivity is 99%, the specificity of the test is 98% and the prevalence of the disease is one out of 1,000 women in the subpopulation to which the patient belongs. If we tentatively suppose the scene is true, what probability would the reader assign to the patient as having cancer? [5] . For the peacefulness of many, we should mention that the vast majority of physicians assign a probability of around 95% [5] .
In one classical study, they asked 20 residents, 20 students in the last year of medical school
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Page: 22 www.raftpubs.com and 20 medical specialists, selected from meetings in hallways in four teaching hospitals of the medical school at a highly prestigious university. The majority of doctors give the same wrong answer to this problem, usually, around 15% answered correctly [13] . If the reader follows carefully the process, with a calculator at hand and makes annotations respectively, may follow each step without difficulty; In addition, to extend this analysis, anyone can review lessons on Bayes Theorem in our channel Principia Pedagogical, Eléntica, Heuristica [14 -17] . As one out of 1,000 women in this subpopulation has this hypothetical type of cancer; if we choose randomly 100,000 patients, around 100 would have the disease.
Since the test has 99% sensitivity, it correctly diagnoses 99 out of 100 patients who have cancer; If we put these 100,000 patients to the test, only 99 (100 times 0.99) of the 100 who have cancer will be correctly diagnosed as positive, which are the cases called true positives. The patient to whom test resulted negative, only one in this case, (100 minus 99), but actually has cancer, is a false negative.
Of the 100,000 patients that were so put to the test 99,900 (100,000 minus 100) do not have cancer. Since the specificity is 98%, so only for 98% of the non-diseased patients the test is going to be negative, which means 97,902 (99,900 times 0.98) are the true negatives; the 1,998 (99,900 minus 97,902) remaining patients, who do not have cancer, are false positives; that is, 2% of healthy patients, since the test correctly diagnoses 98% of healthy patients, which means that it errs in 2% of the cases, giving them falsely positive (99,900 times 0.02).
To know how accurate the test is, we have to use an arithmetic fraction's sum of true positive, added to the true negatives all divided by the total of patients that were tested. It corresponds to 99 of the true positives plus 97,902 of the real negatives. All divided by 100,000 patients, that is, the accuracy (exactitude) of the test is 98% ((99 + 97, 902) / 100,000), which should not be confused with the probability that the patient has cancer. The set of all positive patients is comprised of true positives, which means 99, plus false positives which are 1,998; a total of 2,097.
The probability that a patient has cancer, given that the test was positive, is the so-called positive predictive value; which means the true positive (99) divided by all positives (2, 097), which equals 4.72%. This means that in the case analyzed here, the probability that a patient has cancer, given that the test was positive, is less than 5%, that is, if this test is positive, most likely (95%) the patient does not have cancer.
The set of all negative patients is constituted by the true negatives (97,902) added to the false negatives (only 1), which gives a total of 97,903. True negatives that are 97,902 divided by all the negatives who are 97.903 is equivalent to 99.99%. The probability that a patient does not have cancer given the test was negative constitutes the negative predictive value. This means that if the test was negative, the patient has a 99.99% chance that she does not have cancer.
We have all heard the expression from the doctor's mouth and sometimes from our own: "The results do not seem correct to me; they need to be repeated in a reliable laboratory".The description of the disease is done by setting the percentage of patients who have the disease and who also have determined signs, symptoms, laboratory results, etc., as discussed in the Current Medical Diagnosis and Treatment 2016, in its Fifty-fifth edition [18] ; however, in the reality of medical practice, the clinician encounters a patient who has symptoms, signs, laboratory´s results. The physician should question himself over the probability that the patient has the disease the doctor supposed. To answer this, the Bayes theorem is always required and thus avoid the risk of iatrogenesis, occasioned when conditional probability is ignored. Millions of patients can be saved Page: 23 www.raftpubs.com scandalously, unexpectedly, and somewhat counterintuitively only by the simple application of Bayesian statistics. Thus, we can show the existence of statistical iatrogenesis, caused by false-positive results, erroneously interpreted as equivalent to disease.
Perhaps the reader could become convinced of the compulsory incorporation of Bayesian analysis to every health program. Statistical ignorance sickens and kills by mixing reality with the dream of increasing the sensitivity of the tests as if sensitivity could be an objective on itself and thus quality becomes a mortal enemy. Each day that passes without implementing Bayes' theorem to the clinical procedures, thousands of healthy people around the readers of this article suffer and die.
Even the best courses for medical education, such as Kaplan [19] , fall into the problem and, sometimes, in more profundity, as seen as in a case brought in the course of epidemiology relative to screening tests in a case with hypothetical data, in approximately the following terms:
A 55-year-old man visits his doctor due to an increase in urinary frequency, decreased urine stream and hematuria. During the physical examination, a nodule of a diameter of one cm. is found in the prostate gland. The doctor prescribed a test of serum prostate-specific antigen. Let´s accept that a level greater than 4 ng/ml is considered abnormal. Using this standard, this test has 67% sensitivity and 97% specificity. Suppose that an epidemiological article published recently found that in a crosssectional study, 10% of the men in this group of age have prostate cancer. The result of this patient's specific prostate antigen is 7 ng/ml. What is the best estimate of the probability that this patient actually has prostate cancer? [19] .
For the analysis detailed of this kind of problems, in particular, the reader is referred to our channel Principia Pedagogical, Eléntica, Heurística Page: 24 www.raftpubs.com
The prevalence, for this subpopulation, of prostate cancer, from the given epidemiological data is 10%, that is, one in 10 patients of this subpopulation has prostate cancer. Then about 10,000 out of 100,000 men randomly chosen in this subpopulation has cancer. The sensitivity of the test is 67%, so out of every 100 patients with cancer, only 67 are correctly diagnosed as positive. If now, we test those 100,000 patients, only 67% of the 10,000 patients who have cancer will be correctly positive, which means, true positives are 6,700 (10,000 times 0.67) and the other 3,300 (10,000 minus 6,700) patients are false negatives, because even though having cancer, the test was negative on them.
The specificity of the test is 97%, that is, out of every 100 patients without cancer, 97 are correctly diagnosed as negative. Then out of the 90,000 (100,000 minus 10,000) patients that does not have cancer, only 97% is going to have a negative test, i.e., true negatives are 87,300 (90,000 times 0.97) reporting 2,700 (90,000 minus 87,300) patients without cancer with a positive result, i.e., 3% of patients who do not have cancer are false positives.
The accuracy of this test is the result of the sum of the true positives, plus the true negatives, and the sum divided by the total number of patients who were tested. Corresponding to 6,700 of true positives added with 87,300 of the true negatives all divided by 100,000 patients, it is equivalent to 91.3%. The set of all positive patients consists of true positives (6,700) plus false positives (2,700), in total 9,400. The probability that a patient has cancer, given that the test was positive, is the so-called positive predictive value; i.e., true positives (6,700) divided by all the positives (9,400), which equals 71.3%. This means that in the case analyzed here, the probability that a patient has cancer, given that the test was positive, is close to 70%, This is the answer to which the educator arrives; however, it is incorrect, as explained below. The set of all negative patients consists of true negatives that are 87,300 added to the false negatives that are 3,300, giving a total of 90,600. True negatives (87,300) divided by all the negatives (90,600) equals 96.4%. The probability that a patient does not have cancer because the test was negative constitutes the negative predictive value. This means that if the test was negative, the patient has a 96.4 % chance that he does not really have cancer.
Page: 25 www.raftpubs.com The conclusion reached by the medical expositor is incorrect, but, in this case, not because of mathematical error, but because the patient was not discovered as part of a screening process application, since the patient went to the clinic with a florid clinical picture. The determination of sensitivity and specificity was performed in people who had no manifestations of the disease and not in those who arrive at the clinical office with a change in urinary frequency and a palpable nodule in the prostate. This phenomenon is called a categorical error. The patient does not belong to the subpopulation without manifestations. Therefore, the instructor underestimates the diagnostic probability of disease.
The reader does not need to go far to find out about the significance of Bayes' theorem. This has such an impact that it is recognized as fundamental in the clinical diagnosis in the first chapter of the nineteenth edition of Harrison's Principles of Internal Medicine, a chapter, so fundamental that is written by the editors [4] . At present, and according to the same nineteenth edition of Harrison 's Principles of Internal Medicine, in its third chapter, it is recognized that unfortunately there is no perfect diagnostic tests. After each test is performed, the true disease state of the patient remains uncertain. The quantification of residual uncertainty is done using Bayes' theorem that provides a simple way to calculate the probability of a disease after obtaining the result and this is done from three parameters, the prevalence of the disease in the subpopulation to which the patient belongs, the sensitivity and specificity of the test itself [20] .
As an extremely representative unintentional misleading information example, as appears in Medscape [21] 4%) . What you and every patient want and vitally need to know is the probability of having prostate cancer, giving that he has one or more of the following signs: no symptoms, urinary frequency, urinary urgency, decreased urine stream or hematuria. A Christmas incident is pertinent: A boy is told that 99% of Santa Claus impersonators are dressed in red; notwithstanding, the clever boy wants to know what is the probability that a person dressed in red is a Santa Claus impersonator. He may not want to waste his time asking for presents to a cardinal of the Catholic Church. As expressed by Laplace since 1795, even though probability calculation is generally against intuition, it constitutes an essential part of the application of mathematics to science and health problems, medical education, as well as to the courts [3, [22] [23] [24] . The decision-making by the physicians has to be based on evidence, so that patients derive broad full benefit from the available scientific knowledge. The formulation of differential diagnosis requires, not only a broad base of knowledge, but also the ability to determine the relative probabilities of each disease given certain sign, symptoms or laboratory parameters and not vice versa [20] . Several quantitative tools are essential to synthesize the available information, including diagnostic tests and the Bayes theorem.
Diagnostic tests from a cell blood count to a study of the highest technological sophistication such as synchronized positron emission tomography (GATED-PET) [25] serve to reduce the uncertainty related to the diagnosis or prognosis and help the physicians Page: 26 www.raftpubs.com decide the best diagnosis. The accuracy of a particular test is obtained using sensitivity (true positives) and specificity (true negative) as well as the positive and negative predictive values. Bayes' theorem uses information about the sensitivity and specificity of the test in conjunction with a-priori probability of a diagnosis, which is represented by the prevalence in the subpopulation under study, to determine the post-test probability, that the patient has the disease in question [20] . This is probably the most important concept that physicians should have and its ignorance, indifference, and disregard constitute a tragedy in education and in the application in clinical medicine, as well as in the technological development [5] . Beyond the tragic epistemological consequences, the informed consent or informed authorization of patients, is meaningless when it is not a product of the application of Bayes' theorem and this has, increasingly, legal implications, both civil and criminal which must have terrified to the part of the medical world that disregards or ignores these fundamental concepts [3] . The development of biotechnology is determined by the demand of doctors and patients that focuses on increasing the sensitivity of diagnostic tests, disregarding specificity, increasing falsepositive results and the social, emotional and economic costs associated with this phenomenon [3] . Calling the expert in statistics when the study is done is absurd, it is already too late; in the same way, to call biotechnologists to perform what the physician considers necessary is to destroy the huge resources the biotechnology has. To ask the biotechnologist to develop certain diagnostic test or produce a drug with genetic engineering, without the application of Bayes' theorem to the problems is to proceed as the worship of the machine [24] .
It is an unnecessary complication to convert a continuous variable into a discrete variable and then convert it into a Boolean variable, which often gives rise to the assumption that diseases are discrete entities that either the patient possesses or does not. The majority of diseases are continuous states, arbitrarily discretized and then converted to Booleans. It consists of taking a Manichean's stand, with the tendency to reduce reality to a radical opposition between good and evil, between health and illness.
This way of proceeding, wearing the mathematical clothing and attributing the condition of hypothesis to what is nothing more than a hypostasis is exemplified in the Bayesian tragedy. Additionally, the error of seeking confirmatory evidence instead of refutative evidence is, as Popper demonstrated, contrary to scientific proceeding [26] . The foregoing is, in part, a consequence of the way in which the various instances mistakenly proceed, where each instance verifies the result of the previous one. Science acts in the opposite direction. Each instance must have totally different procedures, which in strict logic should agree in the results. In science, this is called consilience. Ideally, the results obtained with any method should demonstrate the existence of the same nosologically entity as the other methods have done. If a radiological study discovers a tumor, this should, ideally, be consistent with the results obtained in ultrasound, in Computed Tomography, in positron emission tomography, in Nuclear Magnetic Resonance, in a biopsy, in an endoscopic or laparoscopic study, in diverse biochemical studies, etcetera [3, 27] .
If clinical medicine would consist of verifying if a study was done well, it would be unrecognizable comparatively with witchcraft. This is the main reason for which the second opinion patients ask for, do not produce what is expected. The patient does not understand the Bayes theorem, and frequently neither his own physician. We propose the obligatory incorporation of Bayesian analysis to any health program in the world. Bayesian ignorance makes healthy people sick and kills many of them, in the hands of fanatics of increasing the sensitivity of tests.
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Page: 27 www.raftpubs.com One of the main causes of morbidity and mortality in the world is iatrogenesis, which is as we have said of any alteration of the patient's condition produced by the doctor, prescription drugs or diagnostic procedures and their misinterpretations. In the case described with prostate cancer we are not talking about wrong results, but about misinterpretations, which we can divide into those of a medical nature and those of a Bayesian nature. Apophenia is a false perception of patterns or missing links from random events or meaningless data. In statistics, apophenia corresponds to a type I error, while Pareidolia is a phenomenon of hyper -recognition of patterns, from a vague and random stimulus perceived wrongly as an identifiable shape. It is a pseudo salience of Thom's "catastrophe theory". So, pareidolia is a type of apophenia [24, [28] [29] [30] [31] [32] [33] [34] [35] . For the wise reader, to which this paper is destinated, in this case, the medical student, Bayes Theorem is not anymore, a conspiration of the shadow of a phantom wandering in the hospital, but an instrument, he has acquired, to tame conditional probability and to avoid a pervasive tragedy. Here it is, Bayes' theorem in the general formulation, as difficult, powerful and apotheotic as it looks: 
De = Disease
